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SUMMARY 


The toxicity of the pyrolysis gases from some synthetic polymers was 
Investigated, using tliu screening test metliod developed at the University of 
San Francisco, Tlie synthetic polymers were polyetliylene , polystyrene, poly- 
methyl methacrylate, polycarbonate, ABS, polyaryl sulfone, polyetlier sulfone, 
polyphenyl sulfone, and polyplienylene sulfide. 

Clianglng fre'm a rising temperature program (40“ C/min) to a fixed 
temperature program (immediate c^xposure to BOO® C) resulted in shorter times 
to animal responses. This effect is attributed in part to more rapid gener- 
ation of toxicants. 

The toxicants from the sulfur-containing polymers appeared ti' act more 
rapidly than tlie toxicants from the other polymers. It Is not known wliether 
this I'ftT'ct is due primarily to differences In concentr ition or In the nature 
of the toxicants. Tiie carlion monoxide concentrations found do not account 
for tlie results ohsei*ved with tlie sulfur-containing polymers. 

Polypheiivl sulftuie appears to exliiblL the least toxicity among the 
sulfur-containing polymers evaluated under these test conditions. 


INTRODUCTION 


Synthetic polymers are used in a wide variety uf applications because of 
tlu'lr unique properties, versatility, processability, and economic advantages. 
Tiie materials intended for many applications must be evaluated with regard to 
various fire retipouse cliaracti*ristlcs . Tlie toxicity of the gaseous products 
of pyrolysis and combustion is an Important fire safety considcr.ition . 

Earlier work at tlie University of San Francisco sliowed tliat syntlietic 
polymiirs exlilbitcHl a wide range of toxicity (ref. 1), and that test conditions 
affected test results and could affect relative rankings (ref. 2V. 


A-72D7 


llilrt pi'i’Hi-nLn till* ri'tiiiHi) «Jl (ituilli'H i)i till' liiKjrliv nl tlu* 

pyrulysl.'s from a varli'Lv of aviuhotli- polymorH. A r.radual lioatiup. rati?, 

InUniUoil to Hlimilato tho pn—f iaaliovor tondUlonH of a dovol op Inp, firi , wan 
provided by the rislnp temperaturu prop'^am at A0° C/min. A rapid heatlnp 
rate, Intendod to simulate the post-flashover eonditlonM of a fully developed 
fire, was provided by the fixed temperature program at 81)0° 0. 

The plan of investlRatlon eonaisted of the followliiR steps: (1) perfor- 

manee of experiments on the syiltlietle polymers using both the fixed tempera- 
ture and rising temperature programs; (2) analysis of the animal responses to 
determine the effect of heating rate on animal response times, and on time 
intervals betwsen specific responses for the different polymers; (3) relation 
of animal response times to thermal stability data obtained through thermo- 
gravimetric analysis; (4) comparison of the animal response times with the 
response times reported for known concentrations of the various toxicants 
expected from specific polymers; and (5) comparison of the toxicant concentra- 
tions required to produce the observed effected with tlie concentrations of 
those toxicants found by gas analysis of the chamber atmospheres. 


MATERIALS 


The synthetic polymer samples evaluated in this study were identified as 
follows : 

1. Polyethylene, 1: low density polyethylene pellets, El Rexene, 

Type 106, lot 31894, origin Rexene Polymers Company, Paramus, New Jersey. 

2. Polyethylene, 2: polyethylene pellets, Enkellte 1142, origin Union 

Carbide Corporation, Bound Brook, New Jersey. 

3. Polystyrene, 1: polystyrene pellets, Natural Styron 402, D 27 7, 

origin Dow Chemical Company, Torrance, California. 

4. Polystyrene, 2: polystyrene sheet. 

5. Polymethyl methacrylate: polymethyl methacrylate alni't, Plexiglas G, 

origin Rolim and Haas Company. 

6. Polycarbonate: bisphenol A polycarbonate pellets, Lexan 100-111, 

lot F767D1, origin General Electric Company, Mount Vernon, Indiana. 

7. Acrylonltrlle-butadiene-styrene (ABS): ABS pellets, Dylel 702, 

natural, lot A 54000, origin Slnclair-Koppers Company, Eobuta, Pennsylvania. 

8. Polyaryl sulfone: polyaryl sulfono pellets. 

9. Polyether sulfone, 1: polyether sulfone pellets, 212-P. 

10. Polyether sulfone, 2; polyether sulfone pellets, 200-P. 

11. Polyphenylene sulfide: polyphenyl sulfide pellets. 

12. Polyphenyl sulfone: polyphenyl sulfone pellets, Radel R-5000, origin 

Union Carbide Corporation, Bound Brook, New Jersey. 


APPARATUS 


A Llndberg horizontal-tube furnace is used for pyrolysis. The sample 
material is pyrolyzed in a quartz boat centered in a quartz tube, closed at 
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oiit* end with a imp, ami I’annei’ii'd aL tlu< opi*n end to the animal exponurf 
i^liamber. 

Tlu‘ animal uxpOHUi'e ehamber 1 h of a deKif*n developed and patented by NASA, 
and is made of clear polymetliyl inetliacrylate so tlmt i.«r,ntlnuoiJs observation of 
the animals is facilitated# The activity of tiie f ree-niovlnj.» mice in tlie cliam- 
ber allows observation of natural, unrestrained behavior which can be recorded 
by tlie average lay person. This spontaneous activity appears to result in 
fairly uniform distribution of the gases througliout the ehamber volume. 

The polymethyl methacrylate is superior to glass in ease of fabrication, 
liglit wolglit, resistance to shock, and Inertness to hydrogen fluoride, wbicli 
is a pyrolysis effluent from some syntlietic polymers. Tlie chamber has a total 
free volume of 4.2 liters, and is made of an upper dome section and a lower 
base section, both with a diameter of 203 mm (8 in,). 

The upper dome section is removable, and is connected to the base section 
by means of a conventional toggle-snap ring; the joint is sealed by a 0-ring. 
Access to the chamber is provided by two horizontal cylinders of different 
diameter mounted on tlie dome section, Tlie larger horizontal cylinder, having 
a diameter of 3‘J mm (2.38 in.), is fitted with an adapter to accommodate the 
open end of the pyrolysis tube. The smaller luirizontal cylinder, having a 
diameter of 39 mm (1.56 in,), is fitted with an adapter to accommodate the 
piMbe of a Beckman-process oxygen analyzer, and serves also as the entry port 
for the test animals. A perforated polymetliyl methacrylate plate across the 
larger horizontal (cylinder prevents movement of the mice into the pyrolysis 
tube . 


The upper end of tlie dome section is provided with apertures and a clear 
polymetliyl modi icrylate cylinder having a cover plate. 'I’lie cover plate is 
connected to a bubbler to permit venting of pressure exceeding 25 mm (1 in.) 
of water ami prevent entry of fresh air, and is provided with fittings for a 
thermometer and for gas sampling. 


PROCEDUKK 


The pyrolysis tube, pyrolysis boat, animal exposure cliamber, and all 
fittings and adapters are thoroughly cleaned and dried before each test. The 
pyrolysis boat is weighed with and without the sample under test, A sample 
weight of 1.00 g Is normally used for screening studies, and was used in this 
study. 


The test animals are received in plastic cages with each test group in 
Its own cage, Eacli animal is removed, inspected for freedom from abnormali- 
ties, welglied, and marked on some part of tiie body with different eolors of 
ink for identification. Four Swiss-Webster male mice, 25 g to 35 g body 
weight, are used for each test. Four appears to be the optimum number of mice 
which can be used for each test without excessive oxygen consumption during 
tlie test period ns well as being the largest number whicli can be satisfactorily 
observed by a single operator. 
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Kiu’h t>xpi>rlnu>nt Ik ri*pi'att>U two or nu>ro iiiiu.-ii. Hii» ropl h .it ion iimvidoo 
iiioaKiiroti ol variation botvoon coni aniniahi and boiwoon oxpor jiiu-nt;j. 

Tin* mii'o aro plaood in Lbo animaJ'-oxpoKuro djambor and (,’ivon a inlnliiium of 
*3 min to acouHtom tliomHolvoB to tlioir BurroundlnRH. Tlu* ontiro Kyntom i» 

Koalod (oxi’opt for tho Hofoty vont) and all .julnta are checked for proper 
Heating. The pyrolyHiH tube containing the sample Ik introduced into tho fur- 
nace which is preheated to 200“ C in the caHO of the rising temperature pro- 
gram, or 800“ C in the case of the fixed temperature program. In the case of 
the rising temperature program, the furnace is turned on at the start of the 
test at the? predetermined heating rate of ^i0“ 0/mln; when the furnace 
approachoB or reaches 800“ C, this temperature is maintained by either auto- 
matic or manual control until the end of tlie test. The test period is 30 min 
unless 100’^: mortality occurs earlier. The test is terminated upon the death 
of the last surviving animal, and any samples for gas analysis are taken at 
that time before tlie system is opened. 

Time to first sign of incapacitation is defined as the time to the first 
observation of loss of equilibrium (staggering), prostration, collapse, or 
convulsions in any of the test animals. 

Time to staggering is defined as the time to tho first observation of 
loss of equilibrium or uncoordinated movement in a specific test animal, 

Time to convulsions is defined as the time to the first observation of 
uncontrolled muscular movements in a specific test animnl. 

Time to collapse Is defined as the time to the first observation of loss 
of muscular support in a specific test animal. 

Time to death is defined as the time to the observed cessation of move- 
ment and respiration in a specific test aninml . 

Tempei*atures and oxygen concentration in tlie animal-exposure chamber are 
recorded at 1-mln intervals througliout the entire test period, 

After the test is terminated and the animals are removed from the chamber, 
the pyrolysis boat containing the sample is removed. It is then allowed to 
cool, and is weighed to permit calculation, by difference, of the weight of 
sample pyrolyaed. Surviving animals are observed dally for a 14-day period 
after the test and any significant c.liangos from normal appearance, behavior, 
or weight are noted. 


RESULTS AND DISCUSSION 

ORIGINAL PAGE Ib 
OF POOR QUALHY 

Animnl Responses 

Thu results of toxicity tests on 12 syntiietic polymers are presented In 
tables 1 and 2. Test results using the fixed-temperature program are 
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pretu*nti»d in tablo 1, and tout rasultfi mslnR thu rislnR-temporatnrc* proRram 
an* pro.'U'ntfd in tablu 2, Thi‘ valiu«H Rlvi-n far individual teata, afi indluatud 
hy a tvtit reference, are mean + standard deviation within experiment 
(between animals); tlie mean values Riven for individual polymers are mean + 
standard deviation between experiments. 

Tlie mean values for the different polymers listed in order of InereasliiR 
time to death for each temperature program are presented In table 3, The 
values given are mean ± standard deviation between experiments with n 
being the number of experiments. 

ChanRlng from a rising-temperature program to a fixed-temperature program 
resulted in shorter times to animal responses. This effect is attributed in 
part to more rapid generation of toxicants. The differences between polymers 
in the extent to which response times were reduced may in some cases reflect 
their relative tliormal stability because the rising-temperature program tends 
to result in longer times to polymer decomposition and toxir effects with the 
more tliermally stable polymers. 

With the rising-temperature program, the polymers divided into three 
groups: (1) those with times to death between 10 min and 15.5 min (tlie 

sulfur-containing polymers), (2) those with times to death between 15.5 min 
and IH rain (PMMA and ABS), and (3) those witli times to death between 19 min 
and 27 min (polyethylene, polystyrene, and polycarbonate). 

With the fixed-temperature program, the polymers could be divided into 
the same three groups: (1) tliose with times to death between 2 min and 

6.3 min (tlie sulfur-containing polymers), (2) those wltli times to death 
between 7.7 min and 9,5 mill (PMMA and ABS) , and (3) those with times to death 
between 9.6 min and 22 min (polyethylene, polystyrene, and polycarbonate). 
Althoiigli the rank order of the three groups remained ihe same, the rank order 
within the third group was different from the fixed-temperature program in 
that polycarbonate and polyethylene appeared to be significantly more toxic 
than polystyrene. 


Listing the polymers In order of increasing time to convulsions or 
Increasing time to collapse, produced essentially the same rank order as 
Increasing time to death with both temperature programs. Listing the polymers 
in order of increasing time to the first sign of incapacitation or increasing 
time to staggering, produced slightly different rank orders; the sulfnr- 
contalning polymers consistently exhibited the shortest times to the first 
sign of incapacitation and times to staggering. 

The reductions in times to different animal responses resulting from the 
change from the rising-temperature program to the fixed-temperature program 
art presented in table A. The reductions in response times were greatest with 
polyethylene, polycarbonate, and ABS. 


The reductions in response times were essentially the same for convul- 
sions, collapse, and death with all the polymers studied. Witii polycarbonate, 
ABS, and the sulfur-containing polymers, tlu* reductions in response times 
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lal 1 V tin* nanu- 1 ar .ill ri'iipuntitfi ri’iui'dcd , With rrai’i'it to 
till' ri'diu' t loiiH In rci.pomu' tlmra, tluTi* lit'tmi'iJ ti» lu* nlpnl i laant till ) i-ri'iii"*.’.'! 
hflwL’t’ii tiK! two .Siiinpli ;) of ptilyi>tlivl(‘iu‘, liolwi’ini t lio lwi> namplo!) of poly- 
Htyroni', ami Iiotwoon I !u> two Hamplotj of po] yotlior HulfoiU’. 

’flu* time Intervals hutwcLMi oonvulsioiiH and deatii, and between the flrat 
sign of ineapacitat Ion and deatli, are presented in table b. The time Inter- 
vals between convulsions and death for each polymer were, In general, not 
significantly affected by temperature program. The time Interv.ala between 
tlie first sign of incapacitation and death seemed unaffected by temperature 
program in the case of the anlfur-contiiinlng polymers, and siiowed no consis- 
tent difference between temperature programs in the case of the other polymers. 

On the basis of the animal response data alone, the same toxicants or 
combinations of toxicants may account for the observed times to convulsions 
and death; but the observed times to incapacitation may be due to different 
toxicants or combinations of toxicants. 


Relation to Thermal Stability 

Thermogravimetric analysis (TGA) Indicated that with a heating rate of 
40° C/mln in nitrogen or air, ABS decomposed above 300° C, and bispbenol A 
polycarbonate, polyether sulfone, polyaryl sulfone, and polyphenylene sulfide 
decomposed above 500° C (ref. 3). This difference of 200° C corresponds to n 
difference of 5 min In a rising-temperature program at 40° C/mlnj however, 
the 3 min to 7 min difference in time to death between the sulfur-containing 
polymers and ABS with the rising-temperature progi’am is opposite in direction, 
and would indicate that the toxicants from tlie sulfur-containing polymers 
produced death 8 min to 12 min more rapidly than did those from ABS. 

Although the sulfur-containing polymers and bisplienol A polycarbonate 
decomposed at approximately tlie same temperature, and therefore at approxi- 
mately tlie same during the rising-temperature program, the toxicants from tlie 
sulfur-containing polymers produced death IV min to 12 min more rapidly than 
did the toxicants from polycarbonate. 

With Immediate exposure to 800° C in the fixed-temperature program, the 
differences attributable to differences in thermal stability below 800° C 
would appear to be essentially eliminated. The sulfur-containing polymers, 
however, produced death by 4 min to 7 min more rapidly than did ABS and 
polycaibonate . 

The more rapid deaths with tlie sulfur-contnlnlng polymers seem to 
Indicate the prc>sence of more rapidly acting toxicants. It Is not known 
wlietiier the more rapid action Is due primarily to higher comentratlons nr 
In dlfferenccH in the nature of the toxicants. 

'Jiie 8 min to 12 min difference with i he rising-temperature program and 
the 4 min to 7 min difference with tlie f 1 xecl-temper.it ure program appear to 
indicate that tlie two luNil.ing rates mav predu.’e different toxicants, 
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dlf ft'ri'tic combliiatlonfj of toxii’anCa, or clliloront ootU'ontrationa of toxlfanta 
from ono or moro of Lhoso polymor'j. 


Poaaiblo Gnu.)oua lOxicantu 

A revlow of some available InfornmCion on tiie RawemiB coxJeantu evolved 
from tliese BynciioLlc polymers is appropriate at thifs point, 

The volatile eombustion products of polysulfone heated lr> air at a hoat- 
InH rate of 50“ C/min were carbon dioxide, sulfur dioxide, carbon monoxide, 
and methane, and smaller amounts of benzene, toluene, ethylene, etliylbenzene, 
and ethane, Carbonyl sulfide was identified in tlie temperature ranRe of 
490“ C to 550“ C, where most of the sulfur dioxide wan formed (ref. 4), 

Thu tliermal decomposition products of polysulfone pyrolyzed in vat?uum 
from 200“ C to 000“ C Included sulfur dioxide (primarily formed at 500“ C) , 
hydroRun sulfide (primciily formed at 600“ C), and carbon monoxide (primarily 
formed at 600° C) (ref, 5), 

The main decomposition products of aromatic polysuifones tliermal ly 
desraded in vacuum were carbon dioxide and sulfur dioxide (ref, 6), 

Sulfur dioxide was produced by the thermal deRradatlon of four types of 
polysulfones in liellum at 5“ C/niin to 100“ C (ref, 7). 

Thu gaseous eombustion products of polyphonylune sulfide at 700° C in 
air were carbon dioxide, sulfur dioxide, and carbon monoxide, and a small 
amount of carbonyl sulfide (ref. 8). 

An acrylonl tril e~butadiune-styrene (AI3S) polymer i ontnlnlng 22'Z acrylonl'- 
trile, 19Z butadiene, and 5921 styrene, when pyrolyzed in the presence nf air, 
produced hydrogen cyanide (HCN) and nitrogen dioxide (.NO^) over a temperature 
range of 500“ C to 1200“ T; high amounts were prodiued at K00“ C, where iOO g 
of polymer produced 4.62 g HCN and 14.9 mg N 1 J 2 (ref. 9). 

The volatile combuHtion products of blsphenol A polycarbonate heated in 
air at a heating rate of 50“ C/mln were carbon dioxide, carlnm monoxide, and 
methane, and smaller amounts of lu’nzene, toluene, ethylene, ethylbenzene, and 
propylene (ref. 4). 

The major products obtained in the thermal degradation of blsphenol A 
polycarbonate were benzene, toluene, ethylbenzene, phenol, p-cresol, 
p-ethylpheno] , and p-lsopropylphenol (ref. 10). 

The gaseous combustion products of polyethylene and polystyrene at 700° (; 
in air were carbon dioxide and carbon monoxide, and smaller quantities of 
hydrocarbons (ref, 8). 

The combustion products of low-density polyetliyleiu* healed In air at a 
heating rate of 50“ C/min were carbon dioxide, carbon numtixide, ethylene, 
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j't upv I I'iu’ , 1 1 iul i fill- , 1-hnii'tu', m-, 1 ■’ju'ul (i:< , aul 

In i>riK‘r ni Uiu-rtM -In):', .mumtu Ui'l . 11). 

C.itivin r.iniuixiUr I an lu* t-volvt ii Irom iiii^st ul ilu- !,vnllii‘t i* pulynu'i !. In 
thin nLutlv. Tin* tmtU antn whli li iV'Milil bi- I'Kpft’tnil i rom tin* i>iitalninp, 

jiolynn-'rii, but nnt I ram ilu* othar palyrin-ni an* lUiUnr ilinxliU*, hyilrnj't n 
and carbonyl nuinUo. Tlu* lUl'fovonccM In l Inu* to death bolwoon the nullnr- 
cuntalnlnp, polyniern and ADS indicate that theiic mil fur-coiualnlnp, toxli antf) 
may act more rapidly than hydrop.on cyanide or nitrogen dioxide, If the dltt'er- 
ence in due to the nature rather than concentration of toxieantii, 

NltroRun dioxide levels in excesB of 10,000 ppm appeared necemiary to 
produce deatlis in SwlSB albino mice witliln 1 mfn (ref, 12). On the other 
hand, a atudy of tlie effect of sulfur dioxide 'O Swies albino mice allowed 
that approximately l'i,000 ppm of SOo produeed death In about 2 min (ref, 13), 
and carbonyl aulflde (COS) baa been reported to produce dentlin in mice In 
1.5 min at leveln of 2000 ppm COS (ref. lA). 

While the precedlnp, info*-mntlon may Btrenp.then tiie propoBltlon that the 
nature of the toxlcantn from the su If iir-^con to living polymers is the cauae of 
the move rapid deaths, the Importance of carbon monoxide Bhould not be over- 
looked. A study of the effect of carbon monoxide on SwIbb albino mice Bhowed 
that approximately 15,000 ppm of CO produced death In 1.7 min (ref. 15). 

flu* short times to death (2.b inln to 5.5 min) observed with the sulfur- 
containing polymers using the fixed temperature program indicate that carbon 
monoxide, sulfur dioxide, or earbonyl sulfide could have been important 
factors, but the data presented at this point are not sufficient to Indicate 
relative importance. 


Chamber Cas Analyses 

The recorded oxygen concentrations in * lie anini.il -exposure chamber during 
the test consistently decreased wltli tiniei tlic oxygen concentrations obtained 
bv gas analysis at tlu time of death of the last surviving animal are, there- 
fore, tlie lowest coneentrat Ions encountered by the test animals. 

Although the oxygen concentrations obtained during the test by tlie 
polarographlc-membrane technique provided reliable information on trends, the 
oxygen analyxer used frequently malfunctioned and the readings were sometimes 
at considerable variance from the data obtained using a gas cbroinatograpli with 
tlierraal conductivity detector. Interference from other compounds ami smoke 
deposits were possible causes of the discrepancies observed. The values 
olitaincd by gas chromatography are considered mere reliable and are used in 
this paper. 

The i-oncent r.it Ions of methane, carbon monoxide, and oxygen In the animal- 
exposure ci, amber at Che lime of death of the last surviving animal are 
presented la table b , Becaust^ these annlVTi'S are essentially Isolated spot 
values which provide no information about eoncentr.it ion trends, only limited 


H 
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rotji'liifilunh »‘iin lu* b.ini’d iIu’ih* tlata (rrf, 16). lliiwi-vi*r, l>t‘c;iUF!i> .1 rlcitiuJ 
FiVfjtcni lu u.'ii'il to provont entfy of froMh oxyy.on uiu! ourapo of toKloaiUa, it 
r.i'i nw ri'iiHonahU' ti* aamimo fliat tlio oxyp.ou foncontratfonu an> ilio 1 nvivst 
onoouiitorod, and tliat tlu> motluitu* and farbon monoxfdo lumiu-ntratlonfi arc tlit* 
bluhOHt cnooimcercd, 

Tile p.aa analyiu'H were limited in extenc, with oaiTiploa laki-n from only 
1) ti'Hta with the riHlnp.-tcinpcrature proRram and IS tentH wltli Liu* flxcd- 
temporatun* proRram. Tlie oxyRon pont’entratlona a'M»raRt*d 16,8;^ ^ wltli 

the ridlnR-temperature prograin and 18.7% * 0,9% with the f Ixed-temperafnre 
proRram; die valuen Riven are mean standard deviation. The hiRher oxygen 
eoiu’entratlons observed with the fixed-temperature program are believed to be 
due to tile shorter times to dt*ath and hence reduced oxyg/n comuimptlon by the 
test animals. 

The methane eoneentrat Ions obtained ranged from 300 ppm to 16,300 ppm 
wll'a the f ixed-temperatun* program and from 1,000 ppm to 9,600 ppm with the 
rlKlng-temperalure program. Where comparable data for specific polymers 
were available, methane concentrations tended to be lilRher with the fixed- 
temperature pro(*ram. because 10,000 ppm (3%) of methane displaces only 
sufficient air to re<luce oxygen concentration by 0.2%, the contribution of 
metlianc as a simple asphyxiant in this study was not considered significant. 
Tile contribut h'li of these nuicent rat Ions of metbane to hazard wltli regard to 
flammable mixtures {ref. 17) Is outside the s<’ope of this study. 

Carbon monoxide eoneentrat los s readied the 10,000 ppm (1%) level only 
with poivctliylcnc and polycarbonate , tiiese levels were observed for both the 
rising-temperature and fixed-temperature programs. With polyether sulfnne 
ami AliS using the fixed-temperature program, carbon monoxide concentrations 
were below 4000 ppm. These CO eoneentrat Ions , by themselves, could not have 
resulted In de^illi in less than 7 min (ref, IT), and therefore do not account 
for the 4.3 min to s.T min times to death observed with polyetlicr so 1 Tone 
using the f Ixed-temperature program. 

The carbon monoxide concentrations from polymetliyl methacrylate, ABS, 
polycarbonate, polyethylene, and polystyrene using the rixed-timperature 
Iifogram were higli imoiigb to explain the times to death observed on the basis 
of the earlier carbisn moiu/xlde study (ref. IT). 


Chamber Atmospiiere Temperatures 

The recorded temperatures in the animal-exposure chamber during tiie test 
did not exceed 29, T° C in any of the experiments. In only four of the experi- 
ments did the chamber temperature exceed 27.0° C. These temperatures are not 
consliiererl to have a significant effect on animal responses. 


A-7297 


ORIGINAL PAGE IB 
OP POOR QUALnY 


9 


i;:oN( lAUii iN}> 


A mon* heal inf’, rati> I’fni'rally prudui’i'd uhorti'r time.’) to doaih, au 

anLli’lpaU'd, Kvon wiLli limnediato oxpoumn' to 800° 0, howovor, tlu-ro woro 
dif furLMU’oa In tlmeo to doacli whloh may rofloot dif ffromn'ii In mcolianlnmti <>t 
intoxication. 

TIk' thermal Rtability advontur,eo of tlie milfur-eontaininp, polymero were 
overshadowed by the more rapid action of the toxicants evolved, Ic Is not 
known whether tills effect is duo primarily to differences In concentration or 
in the nature of the toxicants. Carbon monoxide was not found In sufficient 
concentrations to be considered the primary cause, 

Polyphenyl sulfone appers to exhibit the least toxicity among the sulfur- 
contolning polymers evaluated under these test conditions. 


ACKNOWLEDGMENTS 


This work was performed at the Fire Safety Center of the University of 
Son Francisco, with the support uf the National Aeronautics and Space 
Administration under NASA Grant NSG-2039. 

The authors are indebted to Dr, Arthur Furst and Dr. Henry A. Loon for 
their assistance and advice, and to Dr. Alfred Buchler for help in searching 
the literature. 


KKFi:iUvN(.i;S 


1, Ulliulo, C. .1.; am! C’.ummlnfi, II. J.: A (;oni|>llntion of lU*lativ<,‘ Toxli’lLV 

Data. J. Con. Prod. Flam,, vol. 4, no. 3, Sopi , 197/, pp. 27(i'*-260. 

2, Ililado, C. .1,; CuramlnR, II, J.{ Maohado, A. M, ; Si^htiolder, .1, i:.; Cranu, 

C. R.‘, Sandcru, D. C.‘, KiuUn’OtL, U. li.; and AbboU, T, K.*. Comparluon 
of Animal Rfoponuoa to chu Combustion Products Generated by Two Test 
Proesduroo , the USF/NASA McthodoloRy and thu FAA/CAMI System, 

J, Combust, Toxicol., vol. A, no, 3, Aug, 1977, pp> 325“359. 

3, Kourtidus, I). A. j Parker, J. A,; and Ililado, C, J.s Tliermochunlcal 

Characterization of Some Thermoplastic Materials. .1, Fire & Flam., 
vol, 8 , no. 1, Jan. 1977, pp. 59-9A. 

A, Ball, C» I..; and Boettner, E, A.: Volatile Combustion Products of Poly- 

carbonate and Pojysulfone, J. Appl. Polym, Sel,, vol. lb, 1972, 
pp. 85'j-863. 

9, Hale, W. F, ; Farnham, A, C.; .Johnson, R, N.; and ClendenniiiR, U. A. j 

Poly(aryl Kthers) by Nucleophilic Aromatic Sulistltutlon. II. Tliermal 
Stability, J. Appl. Polym, Sel., Part A-1, vol. 1967, pp. 2J99-2A1A. 

b. l.alctionov, V. M.; and Zhuravleva, I. V.J ChroinatoRraphJc Study of tiie 
Kinetics of Aromatic Polysulfone PcRradatlon In Vacuo, VysoUomol , 
Roedlti., Ser. A., vol. 17, no, 12, 197'j, pp. 2H13-281A. 

7, Klran, E. ; and Clllham, ,1. K. ; Application of I’vrolynls-Mass Chromatog- 

raphy tf :’;.vmer Degradation. Society of Plast'-’s Engineers Technical 
Papers ‘c, , 19, 1971, pp. 502-507. 

8 , Morlmoto, T, ; Taheyaraa, K; and Konislil, F.: Composition nt r.aseoes 

Combustion Prodiictfi of Polymers. J, Appl. Polym. Scl., vol. 20, 197b, 
pp. 19b7-197b, 

9, Chatgne.iu, M.; and be Moan, (!. *. Pyrolysis of Plastic Materials. VIII. 

Polyacrylonitrile and Copolyn’ers . Annales Pharmaceutlques Francalses, 
vol. 32, no. 9-10, 197A, pp. A85-A90. 

10. Tarnowieckl, II. M.t Beliavlor of Thermoplastii's during Thermal Stress. V. 

Thermal Degradation of Polycarbonates. Mltteilungeii Ciiemisciieii 
Forsetamgsiost I tiites der Wirtschaft Osterrelchs and dee Osl crrcicheselu n 
Kunststoffinstltutes, vol. 25, no. A, 1971, pp, lb9-171. 

11. Ball, 0. L. ; and Boettner, E. A.! Toxie Cas Evolution from Boring 

Plastics. Polymer Preprints, vol. 14, no. 2, Aug. 1973, pp. 9Hb-989. 

12. ililado, C. J .5 and Macliado, A. M,: Effect of Nitrogen Dioxide on Swiss 

Albino Mice. J. Combust. Toxicol., vol. 4, no. 2, May 1977, 
pp. 246-253. 


A-7297 


ORIGINAL PAGE IS 
OP POOR QUALM 


11 


H, Itiladi), C. .1,; and M.u'hado, A. M.: Klfool ol Sulfur U.uxldu on Swlun 

Albino Mloe. J. Combust. Toxicol., vol. h, no. 2, May 1977, 
pp. 23A-2A5. 

K). Patty, F. A., cd.: Industrial Hyp.icnu and Toxicology, vol. 2, Intcrscicnco 

Publishers, 1903, pp* 90<'i-90‘i. 

15. Hilado, C. J.; and Cumming, U. J.! Effect of Carbon Monoxide on Swiss 

Albino Mice. J. Combust. Toxicol., vol. 4, no. 2, May 1977, 
pp. 216-230. 

16. Ullado, C. J.; and Cumming, H. J. : Studies with the USF/NASA Toxicity 

Screening Test Method: Carbon Monoxide and Carben Dioxide Concentra- 

tions. J. Combust. Toxicol., vol, 4, no. 3, Aug. 1977, pp. 376-384. 

17. Hilado, C. J. } and Cumming, H. d.t The HG Value: A Method for Estimating 

the rioinmabliity of Mixtures of Combustible Gases, Fire Technology, 
vol. 13, no. 3, Aug, 1977, pp. 195-198. 


12 


A-7297 


TABLE 1. - TOXICITY TEST DATA OX SYNTHETIC FOLYJIERS: USE METHOD F: 

800° C FIXED TEMPERATURE, NO FORCED AIRFLOW^ 



A-7297 


original page is 

POOR QUALITY 


13 


given are mean ± standard deviation. 


TABLE 1.- CONTINOED 






Tio 


a" 


CNj 

i-j 



rn 

ri 


iN 



n 

■£> 






*c 

iH 

f «« 

rj 

•r 



\D 

fN 

c»* 

ar> 




\0 


u«« 



4 

♦ 

4 

4 

4 




4 

■ 

4 

4 



4 



c 



OI 



PI 

a 




o 

OJ 








tr, 



















4J 


■tl 

4k 

fl 

41 

4j 

4 1 



♦ I 

t) 

tl 

tl 



II 

tl 


: .C 

a 00 






















m 

o 

CN 

m 

CM 

m 



CO 

o 

CN 

o 



o 

in 


»H 


ON 

rH 

pj 

m 

cn 

cs 



CN 

00 

o 

vO 



PI 

ro 


<u u 


» 

» 

4 

4 

4 




i 

4 

4 

ft 



4 



n! 


04 

4P 1^ 


fs 

nO 



ON 

CO 

O' o 



CM 

ON 





CN 

C^J 

CNl 


{SJ 




ni 

rj 

C^l 

CO 



ro 

CS 






CO 

O 

cn 

■-T 

vO 

ON 


rH 

in 


o 

ON 


rs 

CN 

rH 




<r 

00 

CO 

rH 

IT» O 

o 


CS 

rH 


CS 

o 



in 

Nt 




» 

• 

4 

4 

4 


4 


4 

4 

4 

■ 

4 


• 


4 

(U 0 





in 

rH 

cn 

<n 

cS 


rH 

CS 

CS 

rH 


o 



tlO 4J 

r> 



















n} 

rC _ 


+ l 

4^1 

+1 

+ 1 

tl 

+1 

tl 


+1 

tl 

tl 

tl 

tl 


tl 

+1 

tl 

U lU 

u t3 



















(U p 

rt *H 


fvj 

St 

00 

o 

vO 

cn 

nO 


rN 

NO 

C'l 

CTN 

iH 


CO 

m 

Hr 

> >H 

OJ 0 


ro 

tn 

m 

cn 

00 

rs 

in 


tj 


NO 

rH 

in 


NO 

o 

fO 

«tj 4J 

T3 


• 

• 

4 

4 

4 


4 


4 

4 

4 

4 

4 


• 

• 

4 



o 

vD 

H 

Os 

O 

o 

ON 


CJN 

o o 

00 

ON 


sf 

< 

NT 




r-t 


iH 


H 

rH 




»H 

rt 











o 

ON 


■t 

cn 


M 

I 





CS 

CO 

NO 




m 


«N 

NO 



o 


[*»i 

■ 





u-i 

lO 

CS 


rv 


• 


4 

4 



4 


4 


4 

1 

4 


4 

4 

1 

m o 

OJ 


o 


1— 1 




rH 


O 


rH 

T— 1 



O 



00 -u 

» 



















CTJ 

a r: 


■f-J 


+ 1 

•H 


+1 

rl 


tl 


tl 

tl 

tl 


tt 

tl 

+t 

M Oi 

nj 'H 



















Qj d 

H 0 


C'l 

CN| 

St 

f- 


f-K 

vO 


ON 

cn 

ON 

NO 

CN 


<r 

rH 

00 

p »H 

rH 


cs 


in 

m 


r-. 

tn 

p 

m 

rt 

ON 

m 

o 


CN 

in 

00 

AJ 

0 


• 

4 

4 

4 



4 

p 

4 

4 

4 

1 

4 


4 

4 

» 


o 


vO 

m 

r-4 

in 


r- 

NO 

p 

sf 

in 

in <j- 

in 


HT 

fO 

ro 











p 




















>■ 




















tn 











n 


o 

w 

(JN 

00 

rH 

CN 

in 

1 


m 

in 

sr 

m 

p 





U) 



NO 

m 

C3N 

nO 

cS 


p 

o 

CO 

ND 

iH 

CS 

p 





a 

p 

• 

f 

4 

4 

1 


4 

p 

4 

4 

4 

4 

1 

o 




OJ O 

0 

u 

o 





cs 

H 

s 

rt 



rH 

H 

IM 




00 «-i 

»H 

CO 








•rl 






(H 





(0 a 

p 

+1 

+1 

+1 

41 

+1 

+1 

•H 

-p 

tl 

tl 

•tt 

tl 

tl 

p 




M &J 


o 








ra 






tn 




0) p 

p 0 

►o 

CJ\ 

cs 

O 

rH 

NO 

o 

NO 

■U 

O 

rH 

O 

ON 

O 


(S 


CN 

> -H 


p 

kD 

cn 

CN 

00 

NO 


in 

p 

CN 

o 

o 

r-H 

m 

rH 

CS 


CN 

<lj <J 

p: 


4 

4 

4 

4 

■ 


4 

40 

4 

4 

4 

4 

f 

> 

4 


• 

0 

u 

m 

m 


in 

NO 

CO 

nD 


<r 

NO 



m 

p 

sf 


sf 


(.> 









p 





ra 














rH 






w 






Ph 

CO 







p 






'o 






CO 


NT 

CO 


nD 

4J 

NO 

O 



ON 

(P 

Cl 

CN 

CO 


t< 



sr 

m 

CS| 

m 

cn 

ON 

♦H 

rH 

CN 

CH 

CN 

ON 


CN 

rH 



00 


• 

1 

4 

4 

4 


4 

C 

4 

4 

4 

4 

• 


• 

4 

4 

(U o 

c 


o 


H 

iH 




o 

o 

Cs| 

i-t 

rH 

rH 


o 



00 4-J 

*H 









rH 










™ 

M P 


+1 

+1 

+1 

+ 1 

il 

•H 

'll 

> 

tt 

tl 

-H 

tl 

tl 


•H 

tl 

•n 

M <U 

0) >H 








p 










<u p 

00 0 


h- 

<r 


rH 


r> 

ON 

U 

r'H 

cn 

rH 

<f 

NO 


in 

CS 

<r 

> Tl 

OO 



CO 


in 

CNi 

NO 

ON 

<3 

00 

00 

r*^ 

<r 



NO 

NO 

rH 

<3[ iJ 

CU 


• 

» 

4 

4 

4 

4 



4 

4 

4 

4 

4 


4 

■ 



4J 


m 

<T 


m 

lO 

NO 

in 


iH 

•cr 

NO 


<r 


CO 

CN 

ro 


U) 



















4-( 

A 

a 



















o 

o 








in 










C^l 


•H 








ON 






in 




nD 


■U 








1 






• 




4 

0 5q 



pg 

<T 

m 

CO 

CN 

m 

o 


cn 

o 

o 

CN 

rH 


CS 

in 

O 

U »H 

■u p 


ON 

cn 

m 

CN 


cn 



r-- 

fO 

ro 

o 



HT 

m 


to 

•H -H 


• 

4 

4 

4 

4 

4 

•n 


« 

■ 

4 

4 

tl 


4 

4 

■H 

01 

U 0 


<r 

<r 

o 

<r 

in 

nO 



rt 

CS 

in 

ro 



I'O 

CN 


B w 

nj 








H 






ON 




ON 

(/) 

p. 








ro 






o 




ON 

H M 









4 






4 




t 

*H 

u 








in 






m 




CN| 

iw 

p 




















•H 




















p 




















o 



















u 

p 



















in 

<u 



in 

in 

sO 

o 

rH 




<o 

oo 

ON 






01 

p 


in 

in 

00 

CO 

iM 

PI 



m 

m 

CO 

00 



nj 

m 


H 

0) 


1 

\ 

1 

1 

1 

1 

ri 


1 

1 

1 

1 

p 


1 

t 

P 

14-1 

01 

p 


1^ ^ 

W 

W3 

w 

'n 

§ 
a S 

V 


9 

CO 

U] 

i-n 

c/5 

w 

*n 

nJ 

OJ 


V) 

< 

*t3 

0) 


in 

CO 

CO 

H 

00 

CS 

4 

rH 

■ 

4 

tt 

tl 

•rl 

ON 

o 

O 


IrH 

NO 

ro 

SO 

r> 

rH 


«sl- ON 
sD O 





















TABLE l.~ CONXLUDED 


r 



f. 

I 


i 

I 


i 

i 

i 


original PAGE « 

OF POOR quality 


f 


A-7297 


5 












TABLE 2. - TOXICITY TEST DATA ON SYNTHETIC POLYMERS: USE tETHOD B: 

200° C-80d° C RISING TEMPERATURE, 40° C/MIN, NO FORCED AIRFLOW^ 


M-i 

o « 

U iH 


0 ) o 
00 u « 
rt x: ^ 

M <1> 4J C 
0) 0 rt *H 
:> QJ 0 
<; T3 


0) O (U 

CO 4-) (0 

rt a (3 

M O (fl *H 
0> 0 <-4 0 
1— t 

<! « O 

u 


v> 

a 

0)0 0 


60 4J *1-1 

p 

P « P 

c 

M P iH 'H 

p 

P S P B 

rH 

> trt k 


<4 4J p 

,P 

O 

4J 

y 

P 


rn 

o 


pu 


60 

OOP 

00 4J .H 

m h p 
0 0) 0) *H 
QJ 0 60 0 
> -H 60 
<J 4-1 P 
4J 
(0 


U-( p 

o o 
*H 
P 4J 
O 60 P 
4J -H 4J P 
P 'rl H 
P O 0 
0 -U P 
■H W & 

H M P 
•rt U 
>44 P 


r*«v 

C'l 

’ 

vT 

\a 


t 

• 


rH 



•H 

+1 


O 

CO 


in 



• 

« 



\o 


cn 

'N 


vO 

CTi 

c^: 

<r 

m 

xO 

d 

iH 


+1 

+1 

+1 

VO 

cn 

O 

f-H 

o 

VO 

• 

• 

« 

cs 

cn 

CH 

CM 

<N 


00 

0^ 

o 

tn <N 

00 

• 

• 

» 

o 


iH 

+1 

+I 

+1 

00 

cn 

H 

o 

m 

00 

• 

» 

• 

rH 

CO 


CH 

rH 

iH 

m 

cn 

rv 

•p- 

cn 


• 

• 

• 

o 


H 

+1 

+1 

+1 

o 

Cvj 

VO 

00 


f> 

« 

• 

* 

o 

CO 

cn 

CH 

rH 

rH 

O 

m 

rH 

o 


H 

• 

• 

« 

rH 

rH 

CH 

+j 

H*i 

+1 

CH 


rn 


vr 

0^ 

( 

» 

* 

o> 

VO 

rs 

rH 

rH 

rH 



cn 



CH 



* 

m 

O 

fH 

O'! 

fH 


« 

• 

+ 1 

CO 

m 


rH 

rH 

CO 



VO 



• 



\o 



rH 

00 

o 


CVJ 

cn 


cn 

1 

m 

p 

w 

CO 

nj 



01 

4. 


CO un 
O CH 

rH i-H 

+1 +1 

o ts 
m H 
• • 

•a- <!• 

CTN O 

o> 

o m 


1 • 

» 

O H 


+1 +1 

+1 

CH «t 

<r 

<P O 

00 

• ■ 

1 

o> o 

Cv 

rH O'! 

rH 

M <t 

vO 

CS rH 


» • 


H H 


+1 +1 

+1 

fO 

*v 

cri m 


» • 

• 



rH rH 

iH 

Ov h- 

h' 

N CT) 

CvJ 

« » 

« 

O 


+! +1 

HI 

H cn 

CH 

OH CO 

o 

t « 

• 

VO 


rH rH 

rH 

m m 

m 

CH O 

m 

• • 

( 

cn cn 

rH 

+1 +1 

+i 

cn sd* 


00 vO 


• 1 

• 

CH O 

rH 

rH iH 

rH 


o 


00 

m o 

d 

‘•a* cn 


« • 

+1 

Ov 00 





00 


00 


cn fn 
tn vjD 


sr 00 
•a- oo 


N <N| 

N c>i 


<r c^l 

r-t <r 


m 'O- 

>a- 


o o 


rH 

CM 


m 

<r 

OV 

rH 

rH 

CM 

+t 

+t 

+ 1 

cn 

m 

cn 

rH 

o> 

o 

« 

• 

« 

CH 


o 

CM 

1 

rH 

C^l 

O 

cn 


m 

m 

m 

« 

4 

4 

rH 


CM 

+1 

+1 

+ 1 

CM 

00 

o 

cn 

VO 

to 

* 

* 

4 

o> 

m 

r- 

H 

H 

rH 

O 

CO 

cn 

•a- 

m 

m 


« 

• 

rH 


CM 

H-r 

-H 

+1 

00 

O 

ov 

vO 

rH 

CO 

• 

• 

4 

CO 

m 

\0 

iH 

rH 

rH 

CM 

m 

CM 

o> 

<r 

OV 

i 

4 

1 

rH 


iH 

4t 

+ t 

■H 

vO 

m 

rH 

00 

rH 

in 

• 

• 

4 


m 

VO 

iH 

tH 

rH 

1 


vO 




Cvl 

m 

d 


VO 


» 

4 

+1 

m 



rH 

iH 

CT> 



tH 



in 



rH 


vO CO c-i 

4 » • 

o 

+) +1 -H 

f-i <t 00 

<r r*.. in 

t * • 

mm m 


m cn 

rH H 


m 

m 


cn m 

rH rH 


O CO 

cn cn 


A-7^97 


Values given are mean ± standard deviation. 


TABLE 2.- COOTIMUED 






vC 

o 

RO CO 

O 

in 

iH 


*T 

00 vC 

pH 

C'J 

SO 

m 

c\ 

pH 

vO 

OS 

pH 






fN 

00 

rs 


OJ 

00 

rs 

m 

OS 

o 

00 

CO 

CO 

Os 

NT 

m 

PO 

ro 

fs 

pH 


0 ^ 



rH 

CS 

tT 

CSJ 

tn 


in 

rj 


m 


iH 

pH 

pH 

pH 


C4 


<n 

*T 


•U rn 

60 


^l 

+I 

ti 

41 

+1 

4J 

41 

+1 

+j 

41 

•fl 

+ 1 

+r 

+ 1 

4f 

41 

4l 

41 

41 

+1 


'W E 



IN 

CN 

00 

tn 

IN 

in 

m 

00 

o 

in 

C'J 


m 

in 

m 

00 

o 

00 

o 


♦H *H 




Ol 

fV 

ON 

«N 

o 

in 

n 

os 

m 

o 

*T 

‘T 

'T 

vO 

o 

pH 

00 

o 

00 

so 


t: n 




CO 


rs 

SO 

oi 

\o 

C3 

00 

eo 

c4 

|>0 

rs 

v£3 

vT 

sT 

m 

nf 

e^\ 


cn 






C^l 

N 


C^t 

nj 

CN 

fn 

M 

<N 

fO 

ON 

CN 

CN 

m 

m 

CO 

CO 

cn 

CO 

cn 






CO 

in 

iH 

cn 

f>H 

o 

in 

pH 

<r 

o 

CN 

OS 

OS 

os 

sO 

C3 

vO 


pH 

rj 

fH 





a> 

vO 

pH 

f> 

SO 

o 

as <r 

pH 

o 

(T> CN 

cn 

in 

rH 

O 

sO 

CN 


fs 

CN 

di 0 
dO u 




rH 


N 

nj 

r-J 

CH 

rH 

fO 


iH 

cn 

tn 

iH 

rH 

pH 

fH 

CN 

C'J 


rH 

CN 

R) 

A 



+i 

+( 

+ 1 

+f 

'H 

+ i 

+1 

+1 

41 

41 

41 

41 

+f 

+ 1 

+t 

+ 1 

+! 

+! 

41 

+1 

41 

M OJ 

4J 

c 





















dj B 

nj 



cn 


as 

CT\ 

sO 

in 

'O 

sf 


c^ 

O 

•a- 

OS 

rs 

OS 

m 

m 

00 

m 

nj 

00 

> •H 
< ^ 

0^ 

s 


iH 

vr 

N 

o 

m 


cn 

n 

vT 

so 

o 

CN 

pH 

pH 

NT 

NT 

OS 

m 

NT 

o 

o 




ro 

pH 

HT 

ro 

o 


o 

rH 

c-i 

-T 

sT 

cn 

OS 

d 

d 

O 

d 

iH 

so 

vO 

f'l 






fS 

CH 

N 

pH 

rH 


m 

N 

CN 

CN 

n4 

pH 

CN 

CN 

CN 

e^l 

CN 

CN 


Cv| 





o 

00 

n/ so 


00 

eo 


O 

in 


CN 

00 


m 

wr 

SO 


OS 

sr 

M 





r'l 


•H 

o> 


pH 



m 

vO 

-a 

Nf 

fs 


so 

<r 

vr 


oo 

CN 

CN 


n 



• 

1 

* 

» 


• 

f 


« 

« 

4 

* 

• 


4 

1 

• 


1 

4 

1 

(U O 
00 -u 
« 

M OJ 

0) E 

(U 



o 

pH 

CN 






•a- 



c^r 



pH 

fH 

cn 


•a- 

pH 

CN 

p. 

ra 

i-( 

.g 


+1 

+i 


+1 


41 

41 


41 

41 

+1 

41 

4( 


41 

+1 

41 


+1 

41 

41 

B 


o 

00 

hs 

O 


m 


o 

ni 

fO 

OJ 

vr 

OS 


sO 

SO 

00 


fs 

iH 

cO 

t> 'H 

H 



CN 

o 

o 

pH 



cn 

VC 

m 

CO 

pH 

os 

pH 



Os 

fN 


cn 

fs 


< *J 

o 



• 

« 

1 

• 


* 

• 

« 

1 

4 

• 

4 

1 


• 

• 

* 


4 

4 

4 


U 



rN 

00 

pH 

o^ 


in 

n 

00 

m 

fs 

OS 

vO 

fs 


00 

fs 

CO 



rH 

CO 





iH 

pH 

CV| 

pH 


rH 

pH 

pH 

pH 

iH 

rH 

pH 



pH 

fH 

jH 


CN 

0-1 

pH 






r>t 

o 

SO 

pH 

o 

o 

OS 

pH 

iH 

CN 

sO 

cn 


rs 






sT 


« 


OJ 

o 

c^ 


CO 

m 

m 

in 

00 

vO 

■>.T 

m 

OS 

fs 


CN 






OS 


c 


iJ 

« 

« 

• 

• 

f 

• 

1 

« 

* 


4 

4 

» 


4 






■ 

lU o 

o 


m 

o 

pH 

<N 


pH 

rH 

pH 

pH 



<r 

so 










CU3 <U 

H 


c 























w 

c 

o 

+1 

+1 


H 

+1 

4| 

41 

41 

41 

41 

41 

4J 

41 


41 






41 

M 01 

H 


fO 





















t- B 

3 


p 

kQ 

CN 

0^ 

rN 


00 

rs 

00 

vC 

cn 

fs 


OS 


fH 



fs 



cn 


2 


R) 


<r 

OS 

vO 

CH 

cs 

so 

o 

SO 


1/^ 

pH 

fs 


vO 



iH 



C'J 

< *J 

B 


u 

* 

» 

t 

• 

• 

t 

* 

» 

4 

« 

4 

4 

1 


1 

1 


4 



4 


0 



'tO 


o 

CO 

n* 


Ps 

CTi 

sO 

00 

nj 

iH 

so 


sO 

os 


SO 



00 


o 


pH 

fH 

H 

<N 

>-< 

pH 

f-< 

pH 

fH 

iH 

iH 

CN 

CN 

pH 


pH 

rH 


pH 



pH 























































iTl 

vf O 

m 


in 

CO 

H 

sT 

o 

vn 

nj 

O 

cn 

s4 

OS 

OS 

m 

m 



ft 



•H 

r— I 

SO 

so 

eo 



m 

sO 

fO 


<r 

o 


in 

cn 

cn 

m 

CN 

» 

fs 

rs 

o o 

so 



* 

• 

• 

» 

• 


• 

» 

4 

4 

4 


4 


f 

1 



4 

q 



o 

pH 

rH 

pH 



pH 

iH 


pH 

rH 



nj 



cn 


m 


H 


H 

q 


+[ 

+1 

+i 

+1 

41 

41 

+1 

+1 

H-l 

+1 

+t 

4J 

+1 

4t 

41 

41 

+1 

41 

+1 

ft 

+1 

u o; 

V 

•H 














«) Ft 

M) 

s 


00 

vO 

00 

VXD 

o 

m 

sO 

o 

rs 

rH 

eo 

pH 

CN 

cn 

pH 

in 

o 

CN 

CN 

pH 



iO 



00 

rH 

m 

n. 

vO 


OS 

c 


•a- 

rs 

o 

o 

fs 

CO 

so 

o 

NT 

ro 

nf 

fs 


cd 



* 

« 

• 

» 

» 

• 

• 

* 


4 

4 

f 


1 

4 

4 


4 


» 


J 



in 

yO 

o> 

sO 

m 

<r 


rs 

vO 

rs 

rs 

NT 

so 

so 

SO 

m 

co" 

so 

pH 

CO 

sO 


V) 



pH 

pH 

rH 

pH 

rH 

rH 

pH 

iH 

pH 

iH 

rH 

pH 

pH 

pH 

pH 

pH 

rH 

iH 

CN 

rH 

rH 

U-4 

A 

B 
























0 

D 























cn 


H 























Os 

0 

J 























4 

O 60 

3 



cs 

Cvi 


m 

00 

<n 

CH 

is 

fs 

rs 

m 

cn 

O 

cn 

rs 

CJ 

o 

O 

cn 

fs 

rH 

U *H 

U 

c 


m 


so 


CO 

m 

o 

pH 

o 

os 

m 

sr 

o 

c*i 

fO 

m 

sD 

o 

m 

in 


CO ’ 

H 

•H 


1 

« 

1 


4 

» 

• 

» 

4 

4 

4 

4 

4 

4 

» 

• 


4 


+1 

OJ 

U 

e 


m 



<T 

HT 


<r 

so 

OS 

in 

vC 

CO 

m 

in 

sD 

m 

in 

sO 

00 

rs 

H iJ 




pH 

pH 

fH 

iH 

pH 

rH 

pH 

•H 


pH 

pH 

rH 

pH 

iH 

pH 

pH 


rH 


rH 

OS 

»H (0 

a, 























C*l 

H ^-1 

:a 























4 

■H 

o 























m 


p 

H 























pH 


OJ 

























■j 

















pH 





•T 


XJ 

3 

















sr 





00 


w 

0) 








vD 

00 

CH 

CN 

cn 

vr 

OS 


'T 

CN 





CV| 


0) 

■4 



rj 

pH 

CH 

fO 

tH 


nj 

•vT 

rs 

rs 


rH 

pH 

pH 

pH 

pH 

iH 

m 

rH 



H 




1 

( 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

t 



t 

r 



1 

c 

t 





w 

w 


S 

u 

o 


w 

CO 

o 




CO 

CO 

cet O 


1/3 

nj 

OJ 

h 



H 

5 



1 

h-5 

*~3 

§ 

w 

•-5 

W •-! K 
•-o w o2 

< 

rs 



2 

P3 « 

§ 

<u 

p^3 


A-7297 17 


ORIGINAL PAGE IS 
OP POOR QUALrrY 


TABLE 2.- CONTINUED 


u-i 

O " 
n 

*J iH 

A n w 
60 B 
>rt >H 

0) a 

Es « 


4 ) 0 
oO u 
CO ,c 
)-i oj (j a 
oj B CO >H 
> <H o B 
<i; 4J T3 


OJ o 0( 

60 IJ W 

lO a c 

M il< CO irt 

0) a B 

'H fH 

<0 u o 

u 



to 

c 


<0 0 

0 


60 4 J 

•H 


CO 

Cfl 

a 

M CU 

rH 

•rC 

4 ) a 

3 

0 

> -H 

> 

<i w 

fi 

0 

u 



60 

<u o c 

60 <-< 'H 
CO c 

U <b OJ <H 

CO a 60 B 


•4-1 C 

o o 

■H 
C 4 J 
O 60 (0 
iJ ‘H -U (3 
(0 'H -H 
dj OS 

a 4J CO 

•H O', a 
H M CO 
■ri O 


in 

CM 

cn 

6- 

r-t 


in 


o 

rH 

H 


rH 



•O’ 

CM 


+j 

•fi 

•tl 

■fi 

tl 


c» 


03 

m 

o 


•cr 

to 

o^ 

■<r 



• 

< 

» 

• 

r 


cn 

M 

O 

in 

Cn 


cn 

n 

cn 

cn es 


VO 


CO 

CO o 

n* 

o> 



O 00 

p% 

rH 


»H 



<T 

+1 

+1 

■H 

+1 

+1 

+l 

•O’ 

o 

m 

00 

cn 

CM 


*n 

CM 

m 

m 

so 

o 

>•0 

cn 

SJ- 

cn 


CM 

rH 

r-C 

M 

rH 

rH 

cn 






rH 






CM 






+ 1 











a> 

O 





o 

0C5 





CO 

rH 





pH 


Ch 

o 

o 

•O’ 

Ov 


cr» 

VO 

VO 

cn 

o 

« 

* 

• 

» 

r 

r 

CM 


iH 

cs 

rH 

•O’ 

+1 

•f! 

H-l 

+! 

-n 

+i 

rH 

CM 

CM 


in 

cn 

rH 

CO 

vO 

rH 


m 

• 

• 

• 

( 

1 

* 

eo 

scr 

rH 

rH 

iH 

m 

»— 1 

rH 

tH 

M 

rH 

rH 



cn 

iH 





o 



•O’ 



o 



vD 



+1 

•H 


-H 



CM 

m 


00 




o 


•O’ 




1 





iH 

rH 


\0 



fH 

M 


rH 






vO 






<r 

m 

cn 

CM 

CV| 

o 

cn 

cn 


cn 

m 

O 


• 

• 

• 

• 

t 

+1 

\0 

cn 

a\ 

r-s 

H 


rH 

iH 


rH 

iH 

CM 






m 






cn 






iH 

rH 

1 

CM 

1 

tn 


M 

1 


in 

LO 

<r 

0- 



<r 

1 

<r 

1 

rH 

1 

•H 

1 

tn 

to 

1 

s 

o 

to 

Q 

cn 

w 

nJ 

m 

o> 

u 

Q 

o 

o 

23 


r-. »:}• w 
C30 I-I CO 

k * • 

O fH 6^1 
+1 +1 +1 
in C30 VO 

CN O O 
• • • 

•O' fH -O’ 

cn cn 66 


fO 


•tr 

00 

m 

cn 

pH 

<r 

CO 



rH 

+1 

-H 

+1 

+1 

00 

00 

iH 

m 


00 

o 


• 

1 

* 

» 

o 

CM 

o 

pH 

rH 

rH 

pH 

rH 



<y\ 

cn 



o 

rH 



d 

tH 



•t’l 

•n 

cn 


cn 

cn 

00 


•a- 

vD 

> 


1 

« 

CTi 


pH 

o 



rH 

rH 


rH 

o 

iH 

m 

m 

rH 

VO 

! • 

r 

• 

• 

!o 



rH 

I" 

n 

■fi 

•ft 

m 

esj 

00 

in 

|0 


o 

<1* 

1 • 

* 

t 


o 

CM 

o> 

o 

r 

rH 


pH 

1 

C7\ 


nj 


rH 


o 

1 

O 


CM 


+1 


+ 1 


CM 

p> 

o 

1 


GO 

cn 


» 

• 

» 


rH 

00 

o 

1 

pH 


pH 

1 



in 




cn 




• 


o 


rH 


m 

00 


• 

« 

• 

■H 

c> 

rH 

00 



rH 


H 

1 



O 




* 

1 



o 

1 

1 



iH 


M 

•a 

c^i 

m 

o 

OV 


•T 

rH 

pH 

fH 

m 




• 

» 

♦ 

r 

• 

! 

rH 

C 4 

P'^ 

en 


rH 


•fi 

+1 

+1 

+1 

+1 

+1 


00 

cn 

cn 

cn 

in 

CM 



M 


o\ 

M 

VO 


d 

o% 


H 


cn 


cn 

es 

cn 

cn 

Cs) 

CM 


CM 

CM 

<T\ 

so 

VO 

CM 

cs 

vO 

in 

00 

fH 

cn 

m 

CM 

• 

» 

* 

» 

4 

f 

• 

o 






t-j 

+1 

+1 

+I 

+1 

+t 

+ 1 

41 

M 


tN 

CO 

VO 

CO 


iH 

C'J 

so 

00 

CTv 

so 


« 

» 

* 

* 

• 

1 

• 

CM 

o 

CM 

CO 

CM 

r^l 

cs 

rH 

♦H 

tH 

rH 

pH 

rH 

rH 





Ov 

CM 

00 





m 

cn 

pH 





» 

1 






o 







+1 

•M 

■H 





CM 


in 





H 

cn 

C'-J 





4 

* 

* 





CM 

CM 

CM 





fH 

iH 

•H 

VO 

o^ 

rH 


M 

■a 

o 

in 

o 

in 


sa 

CM 

o 

* 

k 

• 


< 

1 


o 






rH 

+1 

H-l 

H-l 


41 

41 

+ 1 

pH 

00 



ov 

o 

o> 

\o 

ps. 

n* 


CO 

a 

MT 

« 

« 

* 


• 

• 

• 

rH 


rH 


rH 

C^l 

rH 

rH 


iH 


jH 

rH 

rH 

CM 

o> 

o 


fH 

o 



CM 

M 



cn 

o\ 

• 

> 

1 


• 

» 


o 







+1 

+1 

■H 


+ 1 

4 ' 

41 

VO 

00 



m 

ov 

•sf 

rH 

C\ 

a\ 


crv 

H 

sO 

« 

» 

• 


« 

• 


rH 

00 

o 


o 

H 

o 

H 


tH 


rH 

rH 

rH 







m 







HT 

in 

VO 

m 

O 

00 

m 

iH 

vO 

in 

CO 

o 

CO 

00 


t 

« 

» 

* 

• 

• 

+1 

o 

00 

o 

to 

0 ^ 

o 

cn 

pH 


rH 

iH 


H 







VO 







o 







fH 


i ^ i 

^ G 


66 ,H rg CO CM 00 

cn I j <n c6 m 

•~H v-J* -O’ H cn cn 

I i I I I I fO 

U to to H W c/3 CO 

Q H S5 ^ 41 

a S hi a 


A-72^7 




TABLE 2.- COXCLLn)ED 



A-7297 


19 


ORIGINAL PAGEK 

OF POOR QUALTTY 



TABLE 3. - TOXICITY TEST DATA ON SYNTHETIC POLYMERS 
LISTED IN ORDEPv OF INCREASING TIME TO DEATH^ 


I 

CO 


r 

























‘ t 




























0 (ft 


kr 

3 

6 

2 

rl 

r4 

n 


M 

O 

n 



r*» cn 


1^1 


M 

•s 

'O 

r-I 

CN 

fn 



(D 











CN 













































00 


m 

iH 

r*. 

o\ n* 

rH 

CN 

CN 


r-4 CO 

rH 

00 

rH 

O' 

O' 

O' 

tn p- 

fN 

rH 





kf 

•>T N 

00 

'T 

O) 


CN 

in 

B4 


fH 


vr 

-S' 

-S' 

fN 

o 

rs 

o 

o 

ON tn 

m 

vD 






« 

4 

4 

♦ 

% 

4 

» 

4 

4 

• 



4 

4 

4 

4 

4 

♦ 

4 

4 

4 4 

4 

* 


0 




rH 

1-4 M 



vT 


CN 

O'! 




O 





rH 


C'l 

rH 

iH \0 


+j 

► 


1 

























3 

+ i 

+1 

+1 

+1 

+1 


+1 

+1 

S' 

+1 

'H 

+t 


+ t 

+ 1 

•fl 

•fl 


+t 

41 

+ } 

+1 +) 

+ I 

41 


u 

Uj 0 

o 

r> 

n 

0*1 

O \o 

00 

<N 

-S' 

n 

CO 

o 

vO 


CO 

r- 

<r 

O 

O' 

-T 

rH 

vO 

tn CN 

o 

•14 



6 

H 


<N 

sr 


*3- 

m 

*3 

00 

o 

o 

vD 

♦H 


in 

01 

en 

in 

iN 

rs 

in 

m 

f- I-* 

O' to 


W 'O 

U-( 

« 

4 

4 

« 

« 

t 


« 

• 

4 

4 



4 

4 

4 

4 

4 

4 

4 

• 

4 4 

% 





M 

O 

rH 

CN 

vT 

in 

in 

4*' 

Ov 

o 

CN 

ni 

VO 


CN *S- 

-S' 

in 

vO 

n* 

as 

O' 

Os IH 

ON 

rH 




•H 

rt 

'iH 

rH 

rH 

fH 

iH 

rH 

fH 

H 

CN 

r4 

ni 

CN 










fH 

rH 

CN 




n3 


m 

00 


00 

M 


vD 


m 

O 



in oo 

vO 

m 

NT 

00 

CN 

fO 

cn c- 

rH 

ST 




O 

[ 

rH 

M 


in 

n 


CN 

in 

CN 

CO 




m 

CN 

fH 

m 

CO 

rs 

o 

vO VD 

rs 

o 



4^ 

V 


1 

4 


« 

« 


1 

» 

• 

• 



« 

« 

4 

4 

1 

< 

4 

* 

4 4 

4 

1 


o 


M 


rH 







.N 

CN 



o 

o 





fH 


fH 

rH 


m 


u 

!A 

O 













fH 













& B 

U4 


+t 

+1 


+) 

HI 


+ l 

H-l 

41 

41 


UH 

+ t 

+1 

•tl 

+ l 

+ 1 

HI 

+1 

Hi 

41 41 

+ 1 

4i 


(U 

























H 


o 

) 

m 

m 



<n 


-S' O vD 

fH 

00 

»H 

m 

Ok 

00 

O' 

fs 

<H 

CN 

lO 

rH <t 

*c 

00 


r-( 

a 


NO 

«s 


H 

t** 


1"* 

m 

•cr 

CO 

cn 

10 

CN 

m 

CO 

t'* 

o 

o 

o 

m 

CN rs 


c 



3 



f 

• 


* 

« 


* 

• 

* 

1 

» 


4 

4 

• 

• 

« 

» 

• 

• 

* 4 

♦ 

1 


U 

r> 


C3 Ci 


m 




rs 

00 

O' 

cn 

T) 

CN 

m 

cn 

-S' 

in 

vO 

m 

vO 

00 00 

m 

fs 




1 


rH 

rH 


iH 

rH 


rH 

fH 

rH 

fH 

CN 

01 

o 










rH 

rH 




0 













)H 
















rH 

o 


O' 

in 


rs. 

n 


rs 

cn 

o 


M 


as 

cn 


m 

m 

rs rn 

*3 

fS 


W 

Cj'vO 

vO 

o 


C3 


o 

CN m 


•d- 

-o 

IM 


tH 


o 

iH 

vO 

C'l 

fN 

tH CO 

vD 

CO 



3 


* 

» 

« 


* 

1 

* 

* 

4 

r 

• 

4 



4 


« 

• 

• 

* 

• 

• 1 

4 

4 


O 

3 

0 

rH 

rH 

iH 




*4* 


CN 

rH 

rH 


C3 


O 




fH 

fH 

rH 

fH 


ni 


4-» »H 

o 













B 












_ cn c 


+1 

+1 

+t 


H-t 

Hi 

+l 

+i 

+1 


+1 

4E 



+t 


+1 


41 

4S 

4i 

41 +t 

4[ 

4t 


Qi fH *r< 



























B 

P 0 

9t 

in 

lA 

o> 


o 

<N 


CN 

as 

m 

VO 

eo 

<U 

o 

o 

O') 

CO 

t>. 

ON 

o 

\0 

m CN 

CN 

m 




OJ 

rs 




m 


in 

o 00 m 

rs 

00 

i-i 

|s» <t 

CN 

tn 

VO 

CN 

m 

vn 

00 VO 

CN O 


H 

3 

L 

f 


• 


f 


f 

» 

t 

4 

« 

• 

3 

4 

t 


4 

4 

t 


• 

• • 

• 

■ 



3 

3 O 

O rH 


HJ* 

n 

in 

p> 

vO 

00 

O' 


H 

r>j 

fO 


<r 

-S' 

VO 

in 

vD 

rs 00 

vO 

v£) 



J 



rH 

rH 


rH 

rH 

rH 

H 

r-I 

tH 

rH 

CS 

lO 










fH 





TO: 



























H 







' 






0) 















tL3 

& 


o 



00 

st 

m 



rH 

CN 

». 


VO 

CN 

Cf| 

rH 

rH 

C3N 

'O 

-S CN 

m 

■H 





0*4 CT» 


<r 

cn 

*3- 

m 

o\ 


fH vt 

0 


o 

rs 

rs 

cn 

m 

O' 

ON 

<j* ON 

o 

C^l 


00 



• 

• 


« 

» 

1 

» 

» 

• 

» 

4 

OJ 


4 

4 

f 

• 

* 

• 

4 

4 4 

ft 

ft 


a 

3 



CH 





>3 

fH 

rH 

rH 

CN 


H 


o 





rH 



rH 

C'l 


iJ «H 

•U 


























C 

fct 


+1 

+J 


+1 

+i 

+ J 

+1 

+( 

•H 

■H 

+1 

T3 


+1 

+1 

■4-I 

+t 

•41 

+1 

41 

+t 4J 

■f) 

41 


' 0^ .H 













01 













S 60 0 

g 


O 

<r 


cs 

•3- 

CO 


rH <f 

CO 

-s 


rs 


*a- CO 

vO 

iM 

VO 

a> 

m rs, 

vO 

o 


, *rt 6Q 

W 


cn 

VO 


<r 

rH 

<r 


m 

4'-* 

o\ 

rs 

•H 

c-l 

tH 

rH 

m 

cn 

fs 

*s 

ON 

m o\ 

in 

CN 


f-< (9 


f 

4 


» 

1 

1 

» 

♦ 

« 

» 

f 

64 

* 


• 

• 

* 

4 

4 

4 

4 • 

ft 

1 

* 

4J 



o 

O 



cn 

VO 

rH 

vD 

VO 

n- 

o 


CN 

ni 

cn 

cn 

sr 

cn 

Nl* 

tn 

rs m 

tn o 

B 

L r 



i-H 

iH 


tH 

H 

iH 

rH 

tH 

tH 

r-4 

CN 

O 










tH 

fH 

tS 



u 













0 












4J 


» 














o 












d 

14-1 

c 

0 













o 












Hi 

O 

0 

O 

vO 

m 

iH 

00 

o 

VO 

*0 

o 

vO 

ro 


as 

00 

K+ sO 

CN 

rH 


rH 

rs 

lA 

00 o 

in 

fs 

5* 


»H 

o 

CS 



O') 

<T 

o 

■a- 

00 

fH 

Ov 


m 


c\ 

\D 

VO 

CO 

m 

rs 

m 

ON 

rH O 

NT 

rH 

3 

2 a 

4J 

CO 

» 

4 

• 

» 


* 

4 

• 

• 

* 

1 

4 


» 

♦ 

4 

4 


4 

* 

4 

* « 


« 

-a 


.1 

rH 

rH 

fH 

CN 






rH 

CN 


44 

o 






fH 


rH rH 

rH 



♦H 

•w C 

o 























►o 

m <n 

•rl *H 



Ht 

+1 

M 

+1 

+1 

+i 

M 

+1 

+t 

4t 

•H 

4t 

+i 

■H 

H-l 

+i 

+ i 

•V! 

41 

'W ■+! 

41 

+i 

V- 

0 

u 0 

0 













"O 












(0 

•H 4J 

ro 

o 

o\ 

rH 

fH 

as 

ni 

rH 

CH 


o> 

as 

CO 


o 

o 

rs 

ON 

rH 

rs 

00 

ON 

rH 

-S' r— 

CO 

a> 

•a 

H tfl 

(3. 

o 

<r 

o \o 

tn 

<n 

vO 

m 

00 

rH 

CN 

vO 

O 

J3 

o 

Ov 

ov 

o 

00 

CO 

CO 

tn 

CO in 


O' 

s 


a 

CN 

» 

• 

• 

1 


• 

f 

• 

* 

4 

( 

4 

H 

4 

• 

1 

• 

1 

» 

4 

r 

41 4 

4 

4 

rt 


o 



o 

o 

cn 

fO 

nj 

r^j 

CO 

m 

in 

vO 

O' 

Oj 

CN 

CN 

ni 

cn 

n 

C'l 

m 

m 

*o tn 

CN 

m 

4J 


a 



rH 

»H 

H 

rH 

rH 

tH 


fH 

rH 

fH 

rH 

fS 










fH 


in 


*r{ 

i » 

P3 





























































Oi 







c/5 






01 









T3 






•u 







-3 






u 






B 



O 

(1) 





«u 








0) 





(H 






5 






rH 

CN 


iH 








ra 

CN 


rH 


iH 






(U 



u 

♦ft 





>. 








»H 





P- 






0 


\) 

<u 

m 


r 


Of 

L 








IH 

fk 


r 

<1J 

u 







2 


H 


<u 

a 

c 

y 








rH 

<u 


y 

B 

(j 






3 




3 

QJ 

B 

C3 

o 

rJ 








3 

fi 

OJ 

B 

O 

(C 






H 


U4 

cn 

C 

O 

0 

Mh 

rl>H 


<N 



rH 



w 

o 

B 

O 

IH 

33 



CN tH 





3 

U3 


o 

uh 

4h 

iH 

•kJ 



CN 



rH 



Uh 

D 

l+H 

rH 

iJ 




CA 

fH 


' a 

y 

OJ 

Mh 

rH 

rH 

3 

o 




OJ 

r 



Oi 

rH 

uh 

rH 

3 

Oi 


3 

r f 



B 



B 

rH 

3 

D 

in 

0 


y 

pt 

H 

tl) 

r 


B 

3 

rH 

3 

in 

0 


4J 

u u 


r 

3 


J 


OJ 

3 

m 

w 




o 

0) 

0} 

B 

(U 


0) 

W 

3 

tn 




d 

B B 

(U 

3 

> 

• 

-f 


iW 

« 



rH 

rH 


<u 

H 

C 

<u 

B 


rH 


CO 


rH 

rH 


0 

3 3 

0 

d 

•iH 

. 

■J 




u 

44 

>4 

p. 


fH 

lU 

o 

fH 

o 


fr. 



Vi 

>> 

s*. 


0 

rH rH 

OJ 

dj 

6D 



c 

rH 


<u 

B 



6-. 

N 

pQ 

!>> 



B 

Oi 

rH 

<u 

B 

33 


30 

PS >4 

u 





(U 

3>. 



3) 

4J 


J3 

i>. 

ii 




tu 


!n,C 

Oi 

4H 


iH 

33 X! 


>» 

w 

■ 



J3 

4j 

4J 

■U 


di 


4J 

iM 

n 

w 

u 


.a 

H 

>-< 

u 


3 


d 

w u 

u 

■u 

<D 


3 


O. 



<u 

a 



<u 

IS 

o 

4> 

<n 


C6 

0) 

rt 

(U 

Ch 



u 

3 3 

tft 

0) 

3 





t>* 


Pi 


F 


c>. 


>. 


>1 


P. 


in 


>1 



> 

i>t >. 


>4 

tH 

(n 


r-t 

rH 

rH 

rH 

rH 

fH 

w 

rH 

rH 

r«t 

rH 

rH 


iH 

IH 

fH 

rH 

rH 

rH 

cn 

rH 

r-4 rH 

rH 

rH 

d 




o 

0 

o 

o 

o 

0 

(» 

o 

o 

o 

o 

o 


O 

o 

o 

o 

o 

o 

m 

G 

o o 

o 

o 

> 

. 




11* 

a< 

Oh 

04 

04 


a. 

B* 

cu 

0- 

0- 


cu 

C!. 

Oi 

0- 

a. 

{1. 

<2 

CU 


cu 

0^4 



■>U A-729? 


TABLE 4. - REDUCTION IS TDIES TO ASH-IAL RESPONSES AS A RESL’LT OF CHANGE FROM 
RISING TEMPERATURE PROGRAM TO FIXED TEMPERATURE PROGRAM 
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TABLE 5. - TIME BEn-TEEN CONVL’LSIONS AND DEATH AND BETl^EEN INCAPACITATION 
AND DEATH AS A FUNCTION OF POLYMER TYPE AND HEATING RATE 
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V- 



TAULi; (). 


(JAS CnilOMAT()(;HAP|IIC ANAI.YSliS OF CHAMUER ATMOSPHERES 
AT TIME OF DEATH OF EAST SHRVIVINO ANIMAT/^ 


Teat 

referent- e. 

Methane, 

ppm 

Carbon monoxide, 
ppm 

Oxygen , 
percent 


USP Method F 



Polyethylene, 2 

ANS-J31 

ANS-3’33 

Mean 

9.500 

8.500 

9,000 .t 707 

13.200 

14.200 

13,700 i 707 

18.5 

17.4 

17.95 i 0.78 


Polvf 

jtyrene, 1 


AMM-52 

ANM-57 

JR.S-87 

Moan 

3,100 

3.100 

2.100 

2,767 > 577 

Polyf 

8,700 

7.200 

5.200 

7,033 ± 1,756 
jtyrene, 2 

17.3 

17.7 

18.2 

17,73 t 0.45 

"'^i’b.t' 

JAS-13 

10,500 

4 , 500 

Polymeth^ 

/I methacrylate 

JAS-12 

16,300 

6,300 

20.0 

Pol^ 

.^carbonate 

AMM-54 

AMM-55 

.lES-85 

RMM-20 

RMH-21 

Mean 

11, ^(50 
12,380 
5,500 
7,800 
6,900 

8,806 i 2,972 

11,200 

10,200 

10,600 

10,600 

8,500 

10,220 1- 1,026 

19.1 

18.7 

18.7 

17.8 
18.3 

18.52 + 0.49 

ABS 

JES-88 

4,100 

3,600 

19.5 

Polyether sulfone, 1 

ANS-33A 

600 

3,400 

19.8 

ANS-336 

300 

2,300 

19.2 

Mean 

450 ± 212 

2,850 + 778 

19.50 + 0.42 


Poly phenyl sulfone 


JAS-32 

1,800 

8,700 

20.1 


Overall mean (n ^ 16) 18.69 ! 0.89 | 


^Values given are mean ± standard deviation. 
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TAUI.E 6, ' CONCLUDED 



Metluine, 

Carbon monoxitlo, 

"Oxyp.en, 

roforiMiiH' 

ppm 

ppm 

percent 


Methnd B 


1 

I’nlvt 

‘tliylene, 1 


ANS-:32H 


9,100 

16.4 

ANS-330 

9,300 

13,400 

17.0 

Ni-an 

8,')‘)0 + 1,061 

11,230 ' 3,041 

16,70 > 0.42 


I’9tyetjiylene,_2 _ 


ANS-3 3') 

H,200 

16,600 

17.8 

ANS-337 

9,600 

1 3,300 

17,2 

Mean 

8,900 + 990 

15,030 :* 2,192 

17.30 ^ 0.42 


PolyHtyrene, 1 


ANS-32‘J 

1 ,000 

8 , 600 

17.4 


Poll 

/earbonate 


MTI,"37 

5 , 900 

9,800 

16.3 

WIM-l 

7,900 

9,930 

16.7 

lI.TC-2fj 

3,800 

8 , 300 

16.8 

IUC-28 

3,600 

10,600 

16.2 

AMM-42 

6,800 

10,200 

16.3 

.IES-72 

3,300 

11,000 

16.3 

JES-73 

3 , 700 

10,000 

16.3 

R^DI- 1 9 

7t,7fOO 

10,400 

16.5 

Mean 

3,673 ♦ 1,329 

10,036 739 

16.50 ♦ 0.19 

Dolyplianyl Builone 

JAS-30 

1,100 

7,200 

17.5 

Overall mean (n 13) 


16.81 1 0.50 
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